Objectives-To evaluate the role of transvaginal ultrasound (TVUS) for diagnosing cervical invasion in the preoperative assessment of endometrial carcinoma.
transvaginal ultrasound (TVUS) imaging, magnetic resonance imaging, hysteroscopy, and computed tomography. 6, 7 Over the other techniques, TVUS has the advantage of being accessible and does not confer high additional costs.
Several small-scale prospective and retrospective studies have evaluated the accuracy of TVUS in the assessment of cervical invasion. The aim of this systematic review and meta-analysis was to evaluate the value of TVUS for diagnosing cervical invasion in preoperative assessment of endometrial carcinoma.
Materials and Methods

Protocol and Registration
We performed this meta-analysis according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses statement (http://www.prisma-statement.org/) and the Synthesizing Evidence from Diagnostic Accuracy Tests guidelines. 8 The protocol was not registered. We defined all inclusion and exclusion criteria for studies to be selected, as well as how data extraction and quality assessment had to be done before starting the data search. Due to study's nature and design, Institutional Review Board approval was waived.
Data Sources and Searches
One of the authors (J.L.A.) screened 4 electronic databases, PubMed/MEDLINE, Web of Science, www. ClinicalTrials.gov, and www.who.int/trialsearch, to identify potentially eligible studies published between January 1990 and December 2016. The search terms included and captured the concepts of "endometrial cancer," "transvaginal ultrasound," and "cervical invasion" or "cervical infiltration." For example, for the PubMed search we used the following Medical Subject Heading (MeSH) terms: ("endometrial" [MeSH terms] or "endometrium" [all fields]) and ("cancer" or "carcinoma") and ("ultrasonography" [MeSH terms] or "ultrasonography" [all fields] or "sonography" [all fields]) and ("cervical" [MeSH terms] or "cervix" [all fields] and "invasion" [all fields] or "infiltration" [all fields]). The language limit was set to English.
Study Selection and Data Collection
Three authors (L.P., O.G., and N.H.) screened the titles and abstracts identified by the search to exclude irrelevant articles. Then, full-text articles were selected to identify potentially eligible studies by applying the following criteria: (1) prospective and retrospective cohort studies including patients with a diagnosis of endometrial carcinoma who underwent TVUS examinations for evaluating cervical invasion before surgery as the index test; (2) pathologic assessment of cervical involvement in the uterus removed at surgery as the reference standard; and (3) presence of data reported that would allow construction of a 2 3 2 table to estimate the diagnostic performance of TVUS.
To avoid inclusion of duplicate cohorts from at least 2 studies reported from the same authors, the study period of each study was examined; if dates overlapped, we chose the latest study published. We searched additional articles by reading the reference lists of those articles selected for full-text reading. In cases with insufficient data, we did not contact the authors. The patient, intervention, comparator, outcome, and study design criteria used for inclusion and exclusion of studies were recorded.
Diagnostic accuracy results from the ultimately selected studies were retrieved independently by 4 authors (J.L.A., L.P., O.G., and N.H.). Disagreements arising during the process of study selection and data extraction were resolved by consensus among all 4 authors.
Risk of Bias in Individual Studies
A quality assessment of studies included in the metaanalysis was conducted by using the tool provided by the Quality Assessment of Diagnostic Accuracy Studies 2. 9 The Quality Assessment of Diagnostic Accuracy Studies 2 format includes 4 domains: (1) patient selection; (2) index test; (3) reference standard; and (4) flow and timing. For each domain, the risk of bias and concerns about applicability (the latter not applying to the domain of flow and timing) were analyzed and rated as low, high, or unclear risk. The quality assessment was used to provide an evaluation of the overall quality of the studies and to investigate potential sources of heterogeneity.
Two authors (J.L.A. and L.P.) evaluated the methodological quality independently. Disagreements were solved by discussion between these authors. The assessment of the quality was based on whether the study described the study's design as well as inclusion and exclusion criteria for the patient selection domain, whether the study reported on how the index test (TVUS) was performed and interpreted for the index test domain, the reference standard used and whether pathologists were blinded or not to the index test for the reference standard domain, and a description of the time elapsed from the index test assessment to the reference standard result for the flow-and-timing domain.
Statistical Analysis
We extracted information on the diagnostic performance of TVUS. A bivariate model was used to estimate the pooled sensitivity, specificity, positive likelihood ratio (LR), and negative LR. The LRs were used to characterize the clinical utility of a test and to estimate the posttest probability of disease. 10 From the mean prevalence of cervical invasion (pretest probability), post-test probabilities were calculated by the positive and negative LRs and plotted on a Fagan nomogram.
Heterogeneity for sensitivity and specificity was assessed by the Cochran Q statistic and the I 2 index.
11
P < .1 indicated heterogeneity. I 2 values of 25%, 50%, and 75% were considered to indicate low, moderate, and high heterogeneity, respectively.
11 Forest plots of the sensitivity and specificity of all studies were plotted. Meta-regression was used if heterogeneity existed for assessing covariates that could explain this heterogeneity. The covariates analyzed were as follows: year of publication, sample size, study's design (prospective/retrospective), index test description (described/not described), pathologist blindness (yes/not stated), prevalence, mean patient age, and number of observers (single/multiple).
Hierarchical summary receiver operating characteristic curves were plotted to illustrate the relationship between sensitivity and specificity. We also used a binomial exact distribution for assessing within-study variability for sensitivity and specificity. Finally, the publication bias was assessed by the method of Deeks et al. 12 All analyses were performed with MIDAS, METANDI, and METAPROP commands in Stata version 12.0 software for Windows (StataCorp, College Station, TX). P < .05 was considered statistically significant.
Results
Search Results
The electronic search provided 211 citations. After exclusion of 64 duplicate records and 2 articles published non-English languages, 145 citations remained. Of these, 123 were excluded because it was clear from the title or abstract that they were not relevant to the review (studies not assessing the diagnostic performance of TVUS or not related to the topic [n 5 84] and reviews [n 5 39]).
Full text of the remaining articles was read. Finally, 5 studies were excluded because of the use of 3-dimensional ultrasound (US) or a 2 3 2 table was not possible to obtain. The remaining 17 studies were ultimately included. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] We did not find additional studies from references cited in these 17 studies. A flowchart summarizing the literature search is shown in Figure 1 .
Characteristics of the Included Studies
Seventeen studies [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] published between 1994 and 2016 reporting on 1751 patients were included in the final analyses. Among these 1751 women, 288 had cervical invasion. The mean prevalence of cervical invasion was 16.3% (range, 6.0%-30.0%). All studies reported the clinical characteristics of the cohort to some extent. The mean patient age was reported in 16 of 17 studies (range, 32-85 years). In all studies, pathologic confirmation of whether the cervix was involved was reported. Table 1 shows patient, intervention, comparator, outcome, and study design features of the studies included.
Methodological Quality of the Included Studies
The study design was clearly stated as prospective in 11 studies. 13, 14, [17] [18] [19] [20] [21] [23] [24] [25] 29 The Quality Assessment of Diagnostic Accuracy Studies 2 assessment of the risk of bias and concerns regarding applicability of the selected studies is shown graphically in Figure 2 .
With regard to the risk of bias about the patient selection domain, 1 study was not clear regarding patient inclusion criteria, 26 and 7 were considered high risk (1 study because the pathologic analysis was done after radiation in a group of patients included, 13 2 because they included women with a preoperative diagnosis of endometrial hyperplasia with atypia, and 4 because only patients with "conclusive" or "unequivocal" TVUS results were included). 20, 21, 27, 29 Concerning the index test domain, 10 studies adequately described the method of the index text as well as how it was performed and interpreted. [13] [14] [15] 18, [20] [21] [22] 25, 28, 29 However, 6 studies were considered high risk, since the examiner estimated cervical invasion "subjectively," or the criteria used were not described. 16, 17, 19, 20, 23, 26, 27 One study used 2 different methods: subjective examiner's impression and an objective measurement. This study was considered low risk. 24 For the reference standard domain, all studies were considered low risk, since it was thought that they correctly identified the target condition by the reference standard. Only 5 studies reported specifically that pathologists were blinded to imaging results [17] [18] [19] 22, 28 ; in the rest of the studies, this factor was unclear. Regarding the flow-and-timing domain, the time elapsed between the index test and reference standard was unclear in 6 studies. 17, 19, 20, 23, 26, 28 Concerning applicability, for the patient selection domain, 1 study was unclear; 6 studies were considered high risk for applicability; and 10 were considered low risk for applicability. For the index test domain, 11 studies were considered as having low concerns for applicability, as the index tests were described well enough for study replication. All studies were considered to have low concerns regarding the reference standard domain.
Diagnostic Performance of TVUS for Detection of Cervical Involvement
The pooled sensitivity, specificity, positive LR, and negative LR of TVUS for detecting cervical invasion were 63% (95% confidence interval [CI], 51%-74%), 91% (95% CI, 87%-94%), 10.2 (95% CI, 5.7-18.3), and 0.38 (95% CI, 0.28-0.53), respectively. The diagnostic odds ratio was 26.7 (95% CI, 11.9-59.80). Significant heterogeneity was found for sensitivity (I 2 5 75.75%; Cochran Q 5 70.09; P < .001) and specificity (I 2 5 92.54%; Cochran Q 5 227.80; P < .001). Forest plots for sensitivity and specificity are shown in Figure 3 . Metaregression showed that none of the covariables assessed (see above) explained the heterogeneity observed. A hierarchical summary receiver operating characteristic curve for the diagnostic performance of TVUS in detecting cervical invasion is shown in Figure 4 .
The Fagan nomogram shows that a TVUS finding that was suspicious for cervical involvement increased the pretest probability of cervical invasion, from 17% to 68%, whereas a normal TVUS finding decreased the pretest probability, from 17% to 7% ( Figure 5 ). We did not observe a publication bias ( Figure 6 ).
Discussion
From the clinical point of view, detecting cervical stromal involvement in endometrial cancer is important, since it represents stage II. Cervical invasion alters the pattern of spreading of endometrial cancer, increasing the risk of parametrial involvement. For this reason, most gynecologic oncologists perform radical hysterectomy instead of simple hysterectomy. 5 In this study, we evaluated the pooled diagnostic accuracy of TVUS for detecting cervical invasion in women with endometrial carcinoma who underwent surgical staging. We found that the pooled sensitivity was 63%, and specificity was 91%. However, we observed significant heterogeneity in both sensitivity and specificity. We could not find an explanation for this heterogeneity after the meta-regression analysis. Probably, the main factor that could explain this significant heterogeneity was the different criteria used among different studies for diagnosing cervical invasion by TVUS. Certainly, in most studies, the authors described the US criteria used; however, these criteria were actually based on the subjective assessment by the examiner. In those studies that did not describe the US criteria used, we assumed that cervical invasion was determined by the subjective impression of the examiner. Only 1 study reported an objective assessment (the distance from the lower tumor margin to the external cervical os), but that study was retrospective, 24 and this criterion has not been validated prospectively.
The main strength of our study was that, as far as we know, there was no previous meta-analysis that evaluated the diagnostic performance of TVUS for assessing cervical involvement in women with endometrial carcinoma. Therefore, our study provides pooled data on this issue for the first time. From the clinical point of view, our data might be relevant, as they highlight the potential role of TVUS for evaluating cervical invasion in endometrial cancer. The pooled sensitivity was rather moderate (63%), but specificity was high (91%). Luomaranta et al 30 reported a meta-analysis including 12 studies comprising 1153 patients and found that the pooled sensitivity and specificity of magnetic resonance imaging for detecting cervical stromal invasion were 57% and 95%, respectively. These figures were similar to those we found for TVUS in this study, suggesting that TVUS might be an alternative to magnetic resonance imaging for imaging assessments of cervical involvement in endometrial cancer.
The main limitation of our study was that most articles assessed in this review included small numbers of patients. Therefore, the results derived from this analysis were based on data from 1751 women. Additionally, we observed significant heterogeneity in sensitivity and specificity, but we could not identify the factors that could actually explain this heterogeneity. We have just speculated about potential sources (see above). On the other hand, it was found that most studies had methodological limitations, especially in aspects concerning patient selection, the index test, and flow and timing. Therefore, an improvement in the study design for correctly addressing the issue under investigation is needed.
In conclusion, the results of our review show that TVUS has acceptable diagnostic performance for detecting cervical invasion in women with a diagnosis of endometrial carcinoma.
